Tap chi Khoa hoc Cong nghé Xay dung, PHXDHN, 2026, 20 (2V): 79-90

NGHIEN CUU THUC NGHIEM PAC TRUNG CO LY CUA

GACH PAT XI MANG KHONG NUNG DANG TU CHEN

Pao Ngoc Khanh Vy?, Ding Vii Hiép®, Nguyén Trung Hiéu®*
“Vién Cong nghé Xdy dung Kién triic P6 thi, Truong Pai hoc Kién triic Ha Noi,
129 dwong Trdn Phi, phuong Ha Pong, Ha Néi, Viét Nam
bKhoa Xdy dung, Truong Pai hoc Kién triic Ha Noi,

129 dwong Tran Phii, phwong Ha Péng, Ha Noi, Viét Nam
“Khoa Xay dung Ddn dung va Cong nghiép, Truong Dai hoc Xdy dung Ha Noi,
55 duong Gidi Phong, phudng Bach Mai, Ha Noi, Viét Nam

Nhdn ngay 13/01/2026, Sita xong 25/02/2026, Chdp nhdn ding 24/3/2026

Tém tat

Nghién cttu nay dudc thuc hién nhiam danh gid dic trung co 1y clia gach dit xi ming khong nung tu chén (ICSCEB), vit
liéu xanh tiém ning thay thé gach nung tai mién nii nhd tin dung d4t ddi khong thé canh tic tai dia phuong. Muc tiéu la
xéc dinh khéi lugng thé tich, d hit nuéc, cuong dd nén va udn ciia gach ché tao tir dat 4 sét va xi ming PCB30 qua ép thity
luc. Cac mau dudc thi nghiém theo TCVN. Két qua tudi 28 ngay cho thiy khdi lugng thé tich dat 1867 kg/m>; do hit nuée
giam con 13%, phan dnh su dic chic ciia cu triic. Cudng d6 nén dat 5,1 MPa (kho) va 2,7 MPa (bio hoa), cudng d6 ubn
dat 0,4 MPa. Cac két qua nay khang dinh ring ICSCEB dép ting tdt cac yéu cau ky thuat cho nha & thip ting, gép phén thic
ddy phat trién vat liéu bén viing.

Tir khod: gach dét xi ming khong nung dang tu chén; khdi lugng thé tich; do hiit nudc; cudng do chiu nén; cudng do chiu
udn; tudi bao dudng.

EXPERIMENTAL INVESTIGATION OF THE MECHANICAL PROPERTIES OF INTERLOCKING CEMENT-
STABILISED COMPRESSED EARTH BRICKS
Abstract

This study was conducted to comprehensively evaluate the physical and mechanical properties of interlocking cement-
stabilised compressed earth bricks (ICSCEB), a potential green building material to effectively replace traditional fired
bricks in mountainous regions by utilizing local non-arable hilly soil. The primary objective is to determine crucial parameters,
including the density, water absorption, compressive strength, and flexural strength of blocks manufactured from silty
clay and PCB30 cement through a hydraulic pressing process. Test specimens were rigorously evaluated according to the
Vietnamese Standards (TCVN). The results at the 28-day curing age show that the density reached 1867 kg/m®; meanwhile,
water absorption decreased to 13%, reflecting the densification of the internal structure. The compressive strength reached
5.1 MPa in a dry state and 2.7 MPa in a saturated state, and the flexural strength achieved 0.4 MPa. These results confirm
that ICSCEB meets the technical requirements for low-rise housing, contributing to promoting sustainable materials.
Keywords: interlocking cement-stabilised compressed earth bricks; density; water absorption; compressive strength; flexural
strength; curing age.
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1. Dit van dé

O khu vic mién nidi phia Bic Viét Nam, nha trinh tudng 1a loai nha st dung phuong phdp xay
dung tudng dat nén truyén théng nhung dé bi suy giam d6 bén dudi tac dong ctia khi hau khic nghiét,
dic biét 1a mua kéo dai gy truong nd va x6i mon dit. Trong bdi canh giao thong kho khin, chi phi
van chuyén cao va nhu cau tin dung ngudn dét dia phuong, gach dét xi mang khong nung dang ty
chen (Interlocking Cement Stabilised Compressed Earth Brick — ICSCEB) dugc xem la giai phap phu
hop. ICSCEB dugc san xuit bang cach dim nén hdn hop dit—xi mang, trong d6 cudng do hinh thanh
nhd 4p Iuc nén va qud trinh thiiy héa, két hop hé lién két go—rinh theo phuong ngang va diing gitip
nang cao kha ning lién két va hiéu qua thi cong [1-4]. Nhd co ché lién két nay, khdi xay ICSCEB c6
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thé thi cong theo phuong phap xép chdong kho, khong can vita xdy, gitip rit ngan thdi gian thi cong,
giam tiéu thu xi ming va cho phép st dung lao dong chua cé tay nghé cao [1-6]. Pong thdi, cAu tao
gach cho phép b tri thép gia cudng trong khdi xay, hd trg tu can chinh tudng va loai bd nhu cau cop
pha cho dam, cot [7]. Vi vy, ICSCEB dudc xem la giai phap thay thé tiém ning cho gach dat nung,
dac biét phu hop vdi khu vuc ndng thon va vung cao.

Céac nghién ctiu da cong bd cho thiy gach dit xi ming khong nung ddp dng day du cic yéu cau
ky thuat cho nha & thip ting, hudng téi st dung vat liéu tai chd nham gidm chi phi van chuyén, nhan
cong va ning luong, dong thdi han ché 6 nhiém moi trudng do khong can trai qua qud trinh nung [4].
Trong bbi canh phit trién bén viing, cic cong nghé gach xanh nhu ICSCEB dang dan thay thé vat liéu
xdy dung truyén thong; theo bdo cdo ctia World Habitat, qua trinh san xuat gach dit nén c6 thé giam
t6i 75% lugng phat thdi CO; so vdi gach dét sét nung [8, 9].

Trong nhiing nim gan day, nhiéu nghién cifu da tap trung 1am rd dic trung co ly va do bén cia
gach dét xi ming khong nung. Tic gia Nguyén Trung Hiéu, va cs. [4] da chi ra mbi quan hé giita ham
lugng xi ming, khéi lugng thé tich va cudng do chiu nén ctia gach. Céc nghién cifu ctia Dao K [10],
Tripura D.D. & Singh K.D. [11], Nadeem M. [12], va Abdullah E. [13] khealng dinh vai tro cia ham
lugng xi ming trong viéc cai thién khdi lugng thé tich, do hit nudc va cac cudng do cd hoc. Bén canh
do6, cac nghién cifu ctia Abid R. [14], Befikadu [15] va Nshimiyimana P. [16] cho thiy tudi dudng ho
c6 anh hudng dang ké dén su phat trién cudng do va su suy gidm do hiit nude ctia gach theo thdi gian,
phén anh vai tro ctia qua trinh thily héa va dic chic ciu tric vat lidu.

Mic du da c6 mot sd nghién ciiu vé gach khong nung va ICSCEB tai Viét Nam, cdc cong trinh
nay con han ché vé quy mo va tinh hé thdng, dic biét 1a cic nghién ciu thuc nghiém vé su phat trién
tinh chit co hoc theo thdi gian bao dudng [3, 17, 18]. Vi vay, bai bo nay trinh bay nghién ciu thuc
nghiém nham lam rd sy bién ddi theo thdi gian ctia cic dic trung co 1y chi yéu ciia ICSCEB, gop
phan hoan thién co s6 khoa hoc cho viéc ting dung vt liéu nay trong nha & thip tang.

2. Mau thi nghiém va vat liéu ché tao
2.1. Kich thudc va hinh dang ICSCEB

Kich thude cia ICSCEB la 300 mm (dai) x 150 mm (réng) X 100 mm (cao). 0 gitta vién gach c6
ba khoang rong: hai khoang hinh tron dudng kinh 40 mm dit hai bén va mot khoang hinh vudéng canh
40 mm nidm & trung tAm, gitp giam trong ludng vién gach, ngin thAm nudc, cai thién kha ning cich
nhiét, ddng thdi tao diéu kién dé dit thép gia cudng ding va d6 vita nhiam ting do 6n dinh [2-4]. BE
miit trén va duéi ctia gach dugc thiét ké véi hé théng gd ranh: g6 ndm & mit trén va ranh nam & mit
duéi dong thdi c6 khéa am/duong & 2 dau gach, gitip cac vién gach dé dang xép chdng va lap dung
ma khong can vita. Hinh dang nay ciing dam bao tudng dugc can chinh tu dong theo phuong diing va
phuong ngang khi thi cong. Hinh dang, kich thudc thuc té ciia ICSCEB thé hién tai Hinh 1.

300mm

Y yiomm,

5 £ 4% o &
/o m @ il B!
< s € [

§
e /

s 300mm

150mm

Hinh 1. Kich thu6c — hinh dang va thuc té cia ICSCEB

2.2. Vit liéu ché tao
Trong nghién ctiu nay, ba loai vat liéu chinh dugc st dung bao gdm: dit dia phuong, xi ming
PCB30 va nuéc sach sinh hoat.
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- Pit dia phuong dugc khai thac tai xa Tan Minh, huyén Pa Bic, tinh Hoa Binh. Pay 1a loai dit
4 sét c6 mau xam vang, ddc trung bdi thanh phﬁn hat gém: 7,5% sét (< 0,005 mm); 18,33% bui
(0,005-0,05 mm) va phan con lai chii yéu 1a cit. Trude khi st dung, dit dudc phoi kho tu nhién, ddnh
toi va sang loc d€ loai bo tap chit va cac hat c6 kich thudc 16n hon 5 mm. Céc chi tiéu gii han do déo
dugc xdc dinh gdm gidi han déo (PL) 12 33,48% va gi6i han chay (LL) 1a 73,66% dudc x4c dinh theo
TCVN 4197:2012 [19].

- Xi ming st dung la loai xi ming Portland PCB30 do nha may xi ming Nam Son cung cép,
c6 cudng do nén 28 ngay dat 34,6 MPa, ddm bao phu hop v6i cic yéu cau ky thuit theo TCVN
6260:2020 [20].

- Nudc tron la nuée sinh hoat thong thuong, dap ting cac tiéu chi ky thuat st dung trong xay dung
theo TCVN 4506:2012 [21].

Thanh phan va tinh chit cta dit thé hién & Bang 1. Tinh chit cla xi ming thé hién & Bang 2.
Bang 3 thé hién cip phdi ché tao ICSCEB.

Bang 1. Thanh phan va tinh chit ctia dit nguyén liéu

Tinh chét Két qua
Gidi han Atterberg
Gidi han chay (%) 73,66
Gidi han déo (%) 33,48
Phan loai dat Dt 4 sét mau nau vang, xdm vang

Thi nghiém dam chit

Khdi lugng thé tich kho 16n nhét (kg/mS) 1884
Do 4m tdt nhit (%) 11,10
Thanh phan dét (%)
Cit va so6i (> 0,05 mm) 74,17
Bui (0,005-0,05 mm) 18,33
Sét (< 0,005 mm) 7,5

Bang 2. Céc tinh chit cdia xi ming

Thoi gian dong két (phuit) Cuong d6 chiu nén (MPa)

P06 min bo déo
Blaine (cm®/g)  tiéuchudn (%) Bt dau Két thiic 3 ngay 28 ngay
3020 29,5 95 360 17,5 34,6
Bang 3. Cép phbi ché tao ICSCEB
Vit liéu Ty 1é thanh phan (% theo khdi lugng) Khéi lugng cho 1 m® (kg)
bit 79,3 1744
Xi mang 10,8 238
Nudc 9,9 218
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2.3. Ché tao mdu

Hén hop nguyén liéu dugc nap vao phéu va cip day vao khuon thong qua hdc chiia di dong. Sau
khi d6ng nip khuon, hé thong kich thiy luc sé ddy ddy khuon Ién phia trén dé nén chit hon hgp tao
hinh vién gach. Khi dat luc ép tiéu chuin, md nap khuon dé ddy san pham 1én bé mit va thu hdi tha
cong. Gach sau khi tao hinh cin dugc xép thanh kién tai ndi kho ro, c6 che chin khi mua. Cac mbe
thi nghiém trong nghién ctiu véi cac chi tiéu co ly 1la 7-14-28-56 ngay.

) .‘m.ﬂ* N Y
(a) Nghién dit bing may (b) Tron hén hop dat, xi (c) Ep gach biing mdy (d) B4o duéng mAu trong
nghién ming, nudc ép thiy luc diéu kién ty nhién

Hinh 2. Céc budc ché tao mau gach ICSCEB

Céc dic tinh co ly cia ICSCEB da dudc xéc dinh cu thé thong qua hé théng cac thi nghiém tiéu
chuin. Nghién cifu tip trung vao viéc danh gia cudng do chiu nén ctia mau gach tai hai trang thai kho
va bio hoa. Bén canh d6, cc thong sb vé cudng dd chiu ubn ciing nhu d6 hit nuéc, khoi lugng thé
tich da dudc do dac va phan tich chi tiét. Toan bo cdc chi sb déu dudc theo déi tai cic mdc thdi gian
phat trién ctia mau, bao gdm 7-14-28-56 ngay.

2.4. Khéi lugng thé'tich

Khbi lugng thé tich ctia gach dugc xic dinh theo TCVN 6355-5:2009: Gach xiy — X4c dinh khbi
luong thé tich bang cach tién hanh can mau va do céc kich thudc hinh hoc ctia vién gach & trang thai
kho [22]. Trude khi thi, mau dude 1am sach bé mit dé€ loai bd bui ban, sau dé dudc can dé€ xdc dinh
khéi lugng kho. Cac kich thudc chidu dai, chiéu rong va chiéu cao clia mau dudc do bing dung cu c6
do chinh x4c phii hop; dbi véi gach rdng, thé tich phan 16 réng dudc trir di d€ xac dinh thé tich thuc
ctia vién gach. Khéi lugng thé tich dudc tinh bang ty s6 gitta khdi lugng kho va thé tich ctia mau. Thi
nghiém dugc thuc hién trén ba vién gach, va gia tri kh6i lugng thé tich dudc ldy bang gid tri trung
binh ctia cic miu. C4c budc thé hién & Hinh 3.

(a) Po kich thuéc mau (b) Can khéi lugng miu

Hinh 3. Céc budc tién hanh xdc dinh khéi lugng thé tich ICSCEB
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Khbi luong thé tich ctia gach ICSCEB dudc xic dinh theo cong thiic (1):

m

“Ub-h-V, M

P
trong d6: p 1a khéi ludng thé tich (kg/m?); m 1a khéi luong méu (kg); I, b, h 1a chidu dai, rong, cao
(m), V, 1a thé tich 15 réng trong gach (m?).

2.5. Dé hiit nudc

Kha ning hit nuéc (tinh theo phan trim khéi luong) ctia gach ICSCEB sau 24 gi ngdm nudc &
nhiét do phong thi nghiém dugc xdc dinh theo TCVN 6355-4:2009 vé phuong phép xac dinh do hit
nudc ctia gach xay [23]. Hinh 4 minh hoa b tri thi nghiém dién hinh cho qua trinh ngdim mau.

(a) Ngam gach 24 gio trong nudc (b) Can mu gach thi nghiém

Hinh 4. Thi nghiém xdc dinh d6 hit nuée cia ICSCEB
Do hut nude cia gach ICSCEB dudce xac dinh theo cong thic (2):

w="2""1 100 )
mp
trong d6: W 1a do hiit nudc (% theo khéi lugng); m; 1a khdi lugng mau kho (g), m; 1a khdi lugng mau
sau khi ngdim 24 h & 27 £ 2) °C (g).
2.6. Cuong do chiu néen

Cudng dd chiu nén ctia gach ICSCEB dudc xac dinh theo TCVN 6477:2016 vé phuong phép thi
cudng do nén clia gach bé tdong [24]. Do gach lién két c6 cac ranh va go khéa, 1am thay ddi dién tich
chiu luc ctia mit nén, cac chi tiét nay dudc loai bd bang cach cat d€ dam bao mit chiu nén phang va
ding theo yéu cau cia tiéu chuin.

Thi nghiém xdc dinh cudng dd chiu nén ctia mau ICSCEB dugc thuc hién tai hai trang thai: khod
va bao hoa nudc. Trong d6, cac mau khd duge bao dudng trong diéu kién tu nhién, trong khi cic mau
bdo hoa dugc ngdm trong nudc tai nhiét do phong thi nghiém trong 24 gid, sau dé dudc lam kho bé
miit trude khi tién hanh gia tai d€ xac dinh cuong do chiu nén kho va bao hoa & cic thdi diém khao
sat.

Céc mau gach dudc thi trén nén thiy luc 50T 2P650 (Lién X6), véi tbe do gia tai dugc duy tri n
dinh theo quy dinh ctia TCVN 6477:2016. Ba miu dai dién cho cc ngay tudi dugc thi nghiém va gid
tri trung binh dugc st dung cho tinh toan.
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b

(a) So dd bb tri thi nghiém nén (b) Thi nghiém nén thuc t trén mdy nén thiy
Iuc 50T 2P650 (Lién X0)

Hinh 5. Thi nghiém xac dinh cudng d6 chiu nén ciia ICSCEB

Cudng do chiu nén dudc xdc dinh theo cong thic (3) quy dinh trong tiéu chun. Hinh 5 trinh bay
bb tri thi nghiém dién hinh ctia qua trinh gia tai nén.
P

Ri= 3)

trong d6: R, 1a cuong do chiu nén (MPa); P la tai trong pha huy (N) va A la dién tich mat chiu luc
(rnm2).
2.7. Cuong do chiu uén

Cudng do chiu udn ctia gach dugc xic dinh theo TCVN 6355-3:2009: Gach xdy — X4c dinh cudng
d6 chiu udn [25]. Thi nghiém dudc tién hanh trén cac miu gach nguyén dang, trong d6 tii trong dudc
dit theo so d6 ubn ba diém véi toc do ting tai phit hop quy dinh trong tiéu chuin.

Ba mau dudc lua chon dbi véi tiing ngay tudi thi nghiém va tién hanh thit; gid tri cudng do chiu
udn dudc lay bang gia tri trung binh clia ba lan thii. Tai trong pha hiiy dudc ghi nhén tai thai diém
mau bi niit va giy. Hinh 6 trinh bay bd tri dién hinh cho thi nghiém ubn.

Cudng do chiu ubn dugc tinh theo cong thiic (4):

7
“T2b- 2

“)
trong do: R, 1a cudng do chiu uén (MPa); P 1a tai trong phd hiy (N); L 1a khoang céch giita hai gbi

dudi (mm); b 1a bé rong hitu hiéu (khoang cach mit-mit trit phan réng) cia mau tai mat phang pha
hiiy (mm) va A 1a chiéu cao mAu thit (mm).
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e h

mmmmm-———— L=25cm --—----—---»

b

(a) SO dd bb tri thi nghiém ubn 3 diém

(b) Thi nghiém udn thuc té trén may nén
thity lyc YMSA (Lién X6)

Hinh 6. Thi nghiém xéc dinh cudng do chiu uén ctiia ICSCEB

3. Phan tich va danh gia két qua thi nghiém
3.1. Khéi lugng thé'tich

Két qua trinh bay trén Hinh 7 cho thiy khéi lugng thé tich (KLTT) ctia gach dét xi ming khong
nung giam nhe theo thdi gian dudng ho.

KLTT ciia gach ICSCEB giam dén theo ngay tudi, tit 1935 kg/m> & 7 ngay xubng 1889 kg/m? tai
14 ngay, tiép tuc giam con 1867 kg/m> & 28 ngay va dat xap xi 1850 kg/m? tai 56 ngay. Qua trinh
suy giam KLTT dién ra nhanh trong 28 ngay dau, dic biét rd rét & 14 ngay dau, do su bay hoi manh
clia nudc tu do con ton tai trong ciu tric gach va qua trinh thity héa xi ming. Sau 28 ngay, mic giam
KLTT tir 28 dén 56 ngay 1a khong dang ké, cho thiy vat liéu da tién t6i trang thai 6n dinh.

Song song vdi d6, hé s6 bién thién (CoV) gidm manh tif trén 3% & 7 ngay xubng dudi 1% & giai
doan 28-56 ngay, phan dnh mic do dong nhit cia vt liéu dudc cai thién rd rét theo thdi gian bio
dudng. Nhin chung, bién do bién dong KLTT la nhd va xu huéng 6n dinh & ngay tudi mudn cho thiy
qud trinh déng rin dién ra binh thudng. Gid tri KLTT tai 28 ngay dat 1850—1870 kg/m? dat dudc cao
hon ngudng 1800 kg/m> theo khuyén nghi ciia CRATerre [26], khing dinh tinh 8n dinh va kha ning
ung dung ctua gach ICSCEB.
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Hinh 7. Khéi lugng thé tich ctia ICSCEB tai cic ngay
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3.2. Do hit nudc

Kha ning hit nuée ctia gach ICSCEB dudc xic dinh biang phucng phap ngdm trong nudc trong
24 git d€ xac dinh khdi lugng bao hoa. Két qua thi nghiém dudc thé hién dudi dang d6 thi ¢ Hinh 8.

Biéu d6 cho thiy do hiit nu6c ctia gach dit xi miing khong nung gidm dan theo thdi gian, tif khodng
14,0% & 7 ngay xubng con 13,6% & 14 ngay va tiép tuc giam manh con xap xi 13,0% tai 28 va 56
ngay. Xu huéng gidm nay phan anh qua trinh thily héa xi ming dién ra lién tuc, tao thém cac san phim
hydrate l4p day 16 rong, 1am vit liéu dic chic hon va gidm kha ning thim hit nu6c. Nhin chung, biéu
dd thé hién ro su 6n dinh va ting d6 bén dic chic ciia gach khi qua trinh déng ran phat trién. Tham
khéo céc tiéu chun trén thé gidi cho gach dit khong nung, c6 thé thiy cac qudc gia thudng quy dinh
dd hiit nuéce tdi uu cho CEB dao dong tir 10-20% (thé hién Hinh 9), két qué cho thiy d6 hiit nudc clia
ICSCEB trong nghién ctiu & 7 va 28 ngay tudi théa man yéu cau.
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Hinh 9. P6 hit nudc ctia gach ICSCEB st dung trong nghién ctiu ddi chiéu véi do hit nuéc tdi da quy dinh
trong céc tiéu chuin cho gach dt khong nung

3.3. Cuwong do chiu nén

Su phat trién cudng do chiu nén (CPCN) theo thdi gian 1a yéu t6 rit quan trong trong nghién ctiu
dic tinh co hoc ctia dit dudc gia cd bing xi ming, bdi day 1a qua trinh phan anh truc tiép mdc do
déng ran va 6n dinh ciu tric clia vat liéu. Su gia ting cudng dd nay chd yéu nhd qua trinh thiy héa
xi ming dién ra lién tuc, tao ra cic san pham lién két nhu C—S—H va ettringite gitip 14p day 15 réng va
lam ting do dic chac ctia vat liéu. Theo Befikadu, su tuong tic ion gifta clorua trong Xi ming va cic
ion kim loai trong dt sét con thic ddy hinh thanh cc két tu bén viing, gép phin ning cao cudng do
theo thdi gian [15]. Piéu nay phi hdp véi nghién cifu ctia Nshimiyimana, cho thly CDCN ctia gach
dit — xi ming thudng dat gid tri t6i vu sau 28 ngay va tiép tuc ting nhe § cdc tudi muodn hon [16]. Két
qua thé hién trén Hinh 10 cho thiy xu huéng ting cuong do rit rd rét & ca trang thai kho va bao hoa.

O trang thdi kho, cudng do phat trién manh trong 28 ngay dau tién. Tai 7 ngay, cudng do dat
khoang 3,7 MPa, tuong duong 72% so vdi gia tri & 28 ngay; dén 14 ngay, cudng do ting 1én 4,7 MPa,
dat 92% cudng do 28 ngay, cho thiy toc do phét trién rit nhanh trong giai doan dau cla qué trinh
déng ran. G mbe 28 ngay, cudng do dat khoang 5,1 MPa, chi ting thém 0,4 MPa so véi tudi 14 ngay,
phén 4nh xu huéng chdm dan clia qua trinh thily héa. Tu 28 dén 56 ngay, cudng do tiép tuc ting tit
5,1 MPa 1én 5,6 MPa, tiic ting khoang 10%, cho thiy cdc phan ting thiy héa van tiép dién nhung &
muic d6 cham va &n dinh hon.
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Hinh 10. Cudng do chiu nén ctia ICSCEB tai céc ngly tudi khdc nhau véi 2 trang thai kho va bao hoa

O trang thai bao hoa, CDCN nhin chung chi dat khoiang mdt nita so véi trang thai kho. Tai tudi 7
ngay, cudng dod bio hoa méi dat xap xi 40% cudng do kho, cho thiy sy hién dién ctia nudc 1am suy
giam 1o rét kha ning chiu nén & giai doan dau. Tuy nhién, dén tudi 56 ngay, ty 1 nay ting lén khoang
55%, phan 4nh su cai thién dang ké khi qu4 trinh thiy héa tiép tuc dién ra va vi ciu tric vat liéu dugc
hoan thién.
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Hinh 11. Cudng do chiu nén ctia ICSCEB st dung trong nghién ctfu & 7 va 28 ngay tudi dbi chiéu véi cudng do
chiu nén t4i thiéu & 2 trang thai kho va bio hoa trong céc tiéu chuin

Hinh 11 trinh bay céc tiéu chuidn qudc t& vé CDCN tbi thiu ctia gach trong hai trang thai kho
va bio hoa nude. Theo d6, hau hét cic tiéu chuin yéu cau cudng do kho tdi thiéu trong khoang 2,0
3,5 MPa, trong khi cudng do bao hoa dugc chip nhan tir 1,0—1,5 MPa tiy theo loai gach va diéu kién
st dung. Trén cd s& nay, nghién citu lya chon miic tdi thiu 2,5 MPa & trang thai kho va 1,0 MPa &
trang thai bao hoa lam chi s danh gia chét lugng CSCEB.

Két qué thi nghiém cho thiy cidc mau gach hoan toan dap tng dugc yéu ciu nay: cudng do kho
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dat 5,1 MPa va cudng do bdo hoa dat khoang 2,7 MPa & 28 ngay. Diéu niy chiing t6 ICSCEB trong
nghién ctiu khong chi ddp ting tiéu chuén st dung trong xay dung ma con duy tri dudc kha ning chiu
luc 6n dinh ngay c4 trong mdi trudng c6 do 4m cao.
3.4. Cuong do chiu kéo khi uén

Khong giéng nhu cudng do nén, cudsng do chiu kéo khi uén (CDCU) ctia ICSCEB thudng it dudc
dé cap trong céc tiéu chuan qubc té vé xay dung bang dat. Trong sb rat it chi din ky thuit ¢ quy dinh
16 rang, New Mexico Earthen Building Materials Code (14.7.4 NMAC) yéu cau gach dit nén phai dat
cudng do uén tbi thiéu 0,34 MPa theo phuong phap thit uén ba di€ém [27]. Bén canh d6, tiéu chuin
NZS 4298 cho phép st dung cudng dd ubn dé danh gida mic cudng do t6i thiéu ctia CEB, v6i gi4 tri
yéu cau khong nhoé hon 0,25 MPa [28]. Nhin chung, cudng dd udn ctia vat liéu ludn thip hon dang ké
so véi cudng d6 nén va theo cac nghién ctiu trude, gia tri nay thudng chi dat khoang 10-15% cudng
do nén [29, 30]. Két qua thi nghiém ubn ba diém thé hién trén Hinh 12 cho thiy cudng do6 chiu ubn
clia mau ting déu theo thdi gian bao dudng.
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Hinh 13. Quan hé gitta cudng do chiu nén va cuong
dd chiu uén

Hinh 12. Cudng do chiu un ctia ICSCEB tai c4c ngay
tudi khac nhau

Cu thé, CPCU tit khodng 0,10 MPa & 7 ngay, 1én 0,22 MPa & 14 ngay, 0,39 MPa & 28 ngay, va dat
0,52 MPa tai 56 ngay. Miic ting nay phan 4nh ro su phat trién cudng do clia vat liéu theo qud trinh
thiiy héa va déng ran. Xu huéng ting cudng do kem giam do phén tan s6 liéu phit hop véi co ché phat
trién cudng do clia cac vat liéu gbc xi ming, ddng thdi cling ¢d nhan dinh ring gia tri cudng do udn
thu dugc vudt muic téi thi€u yéu cau theo cac chi din ki thuit va tiéu chuin tham khao, ddm bao miic
an toan can thiét cho ting dung thuc té.

Quan hé tuyén tinh thu dudc giita hai dai lugng cho thiy khi cudng do nén ting, cudng do ubn
cling ting tuong ting, tuy nhién gid tri cudng d6 udn chi dat khoang 10-20% cudng do nén, phan anh
10 su chénh léch 16n gitta kha ning chiu kéo udn va chiu nén cta vat liéu thé hién & Hinh 13. Xu
hudéng nay 1a dic trung clia cic vat liéu nén dét — xi ming va tuong dong véi cic két qua da dudc cong
b6 [29, 30].

4. Két luan

Két qua thuc nghiém cho thiy gach dit xi ming khong nung dang tu chén (ICSCEB) dudc ché tao
tlr dAt dia phuong hoan toan dap ting cdc yéu cau co ly theo tiéu chuin xay dung hién hanh:

- Khéi luong thé tich dat gia tri tit 1935-1850 kg/m> va giam nhe theo thdi gian, phan dnh qué
trinh bay hoi nudc va déng rin binh thuding; cac gia tri déu vuot mic i thidu 1800 kg/m? theo khuyén
nghi CRATerre.

88



Vy, b. N. K., va cs. / Tap chi Khoa hoc Cong nghé Xay dung

- P hiit nudc giam theo tudi, tif 14% xudng con khoang 13% tai 28—-56 ngay, phit hop vdi gidi
han 10-20% trong céc tiéu chuan gach dét khong nung qudc té, cho thiy do dic chic cia vit liéu ting
dan.

- Cudng dd chiu nén phat trién ro rét, dat 5,1 MPa (kho) va 2,7 MPa (bdo hoa) tai 28 ngay, déu
vugt tiéu chuin yéu cau téi thiéu (2,5 MPa kho va 1,0 MPa bio hoa), chiing td gach c6 thé st dung
cho céc tudng chiu luc trong diéu kién khi hau 4m.

- Cuong do chiu udn ting déu theo thdi gian, dat 0,52 MPa tai 56 ngay, va quan hé tuyén tinh ctia
cudng do chiu ubn véi cudng do chiu nén, dat khoang 20% gid tri cudng do chiu nén.

- Hé sb bién thién (CoV) ciia céc chi tiéu gidm manh theo tudi, cho thdy quy trinh ché tao va
dudng ho tao ra vat liéu dong nhét, &n dinh vé chit luong.

Két qua nghién ctiu khang dinh ICSCEB 1a vit liéu xdy dung xanh, bén viing, phut hgp trién khai
tai ving nong thon va mién nii nhd nguodn vat lidu sin c6, chi phi thip, kha ning chiu luc tot va dé
thi cong.
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